In this cohort study, the authors evaluated how supplemental use of multivitamins, vitamin C, and vitamin E over a 10-year period was related to 5-year total mortality, cancer mortality, and cardiovascular disease (CVD) mortality. Participants (n ¼ 77,719) were Washington State residents aged 50-76 years who completed a mailed selfadministered questionnaire in 2000-2002. Adjusted hazard ratios and 95% confidence intervals were computed using Cox regression. Multivitamin use was not related to total mortality. However, vitamin C and vitamin E use were associated with small decreases in risk. In cause-specific analyses, use of multivitamins and use of vitamin E were associated with decreased risks of CVD mortality. The hazard ratio comparing persons who had a 10-year average frequency of multivitamin use of 6-7 days per week with nonusers was 0.84 (95% confidence interval: 0.70, 0.99); and the hazard ratio comparing persons who had a 10-year average daily dose of vitamin E greater than 215 mg with nonusers was 0.72 (95% confidence interval: 0.59, 0.88). In contrast, vitamin C use was not associated with CVD mortality. Multivitamin and vitamin E use were not associated with cancer mortality. Some of the associations we observed were small and may have been due to unmeasured healthy behaviors that were more common in supplement users.
Free radicals are present in human cells both as a normal consequence of energy metabolism (1, 2) and as a consequence of exposure to exogenous factors such as cigarette smoke (1, 2) . Laboratory studies have documented damage by free radicals, known as oxidative damage, to DNA (3, 4) , proteins (5) , and lipids (1) . Because this type of damage is also associated with disease-for example, DNA damage (3, 4) and the occurrence of cancer (6) and lipid peroxidation (1) and the development of atherosclerosis (7)-attention has focused on the respective roles of free radicals and antioxidants in disease causation and prevention. Antioxidants, such as vitamins C and E, may be capable of preventing oxidative damage in human cells because they are strong electron donors and therefore are relatively quick to react with a free radical (1, 2) .
Multivitamin and vitamin C and E supplements are commonly used in the United States (8) . Whether or not use of these supplements is related to mortality is an important consideration in an evaluation of whether to initiate or continue their use. Currently, there is no clear evidence that taking multivitamins or vitamin C or E supplements delays mortality or, more specifically, reduces a person's risk of death from cardiovascular disease (CVD) or cancer. Findings from cohort studies of these associations are inconsistent (9) (10) (11) (12) (13) (14) (15) (16) (17) , and findings from meta-analysis of randomized trials tend to show no benefit (18) (19) (20) (21) (22) , although there are no published results from randomized trials of common multivitamin formulations and risk of death.
Randomized trials have the advantage of protecting against confounding by unmeasured variables, but their ability to detect an association may be limited by incomplete adherence in the study arms formed by randomization (23) , a supplement dose that is not in the range needed (23) , or a duration of use that is too short (23) to affect a person's risk of death.
In this cohort study, which was specifically designed to recruit supplement users and to measure their use of supplements, we evaluated the association between intake of multivitamins and vitamin C and E supplements in the 10 years before baseline and risk of total mortality, CVD mortality, and cancer mortality during the 5 years after baseline.
MATERIALS AND METHODS

Study population
The Vitamins and Lifestyle Study is a prospective study of men and women aged 50-76 years in western Washington State. The proposal for this study was approved by the institutional review board of the Fred Hutchinson Cancer Research Center (Seattle, Washington). The study's design was previously described in detail (24) . Briefly, 364,418 persons identified from a commercial mailing list were mailed a cover letter that targeted supplement users and a 24-page sex-specific baseline questionnaire. Included in the cover letter was a statement that this was a study of how ''vitamin supplements, certain foods, and physical activity can influence your risk of cancer,'' and in pilot testing, inclusion of this statement led to an increased frequency of participation by supplement users. Between October 2000 and December 2002, a total of 77,719 persons returned a questionnaire that passed eligibility and quality control checks. For the present analysis, we excluded 1 participant with no follow-up time and 45 participants who reported having a malabsorption condition (e.g., a prior gastroplasty) at baseline (these conditions are associated with decreased nutrient absorption); this left 77,673 participants.
Ascertainment of supplement use and potential confounders
Supplement use. For each type of supplement used, information was obtained on the duration, frequency, and dose per day on the days the supplement was taken. Ever use of a supplement was defined as use at least once per week, for a year, during the 10-year period before baseline.
A multivitamin was defined as a mixture containing at least 10 vitamins and/or minerals. Information was obtained on the brand of multivitamin currently used and the brand most commonly used in the past. Ten-year average frequency of multivitamin use (days/week) was computed as ''duration (years)/10 (years) 3 frequency (days/week).' ' We also computed 10-year average dose per day of vitamins C and E from single supplements (including mixtures other than multivitamins) plus multivitamins. To do so, we estimated the amounts of vitamins C and E in each subject's brand of multivitamin based on the Physicians' Desk Reference for Nonprescription Drugs and Dietary Supplements 2002 (25) or the amount reported by the manufacturer or participant. Ten-year average doses of supplemental vitamin C and vitamin E (mg/day) were then computed as ''duration (years)/10 (years) 3 frequency (days/week)/7 (days/week) 3 dose per day (mg/day),'' summed over individual supplements and multivitamins.
Potential confounders. The following characteristics were considered a priori to be potential confounders because they might have been associated with supplement use and mortality: sex, age, race/ethnicity, marital status, education, recency/dose of smoking, alcohol intake, average physical activity in the 10 years before baseline (26) , body mass index (weight (kg)/height (m) 2 ), age at menopause, estrogen therapy, estrogen plus progestin therapy, use of regular or extra-strength aspirin in the previous 10 years, use of other nonaspirin nonsteroidal antiinflammatory medication in the previous 10 years, current use of cholesterol-lowering medication, receipt of a prostate-specific antigen test in the previous 2 years, receipt of a mammogram in the previous 2 years, receipt of a sigmoidoscopy in the previous 10 years, self-rated health, health history (see below), mother's and father's ages at death, and diet (see below). For body mass index and alcohol intake, we adjusted for measures at 45 years of age rather than at baseline because the former were more strongly related to mortality.
Diet in the year before baseline was measured with a modified version of the food frequency questionnaire used in the Women's Health Initiative (27) . Based on the components of diet recommended by the US Dietary Guidelines Advisory Committee (28), selected dietary variables were evaluated for their relation to mortality. The following variables were related to mortality and were included in the final statistical models: percentage of energy derived from trans fat, percentage of energy derived from saturated fat, daily number of servings of fruits, and daily number of servings of vegetables (excluding potatoes).
To adjust for health history at baseline, we created a morbidity score. Sex-specific age-adjusted Cox proportional hazards models (29) were used to determine the hazard ratio for death for each of 23 conditions for men and each of 27 conditions for women, modeled simultaneously (see footnote ''c'' in Table 1 for a list of the conditions). Using the coefficients from these models, we assigned each subject a morbidity score that was the natural logarithm of the hazard ratio for death based on his/her particular set of comorbid conditions as compared with persons with no comorbid conditions.
Ascertainment of death
We linked the cohort to the Washington State Death Certificate System to identify deaths occurring through December 31, 2006 (n ¼ 3,535) (24) . Additional deaths were identified from the Social Security Death Index (n ¼ 37), linkage with the western Washington Surveillance, Epidemiology, and End Results cancer registry (n ¼ 2), and notification by relatives (n ¼ 3), for a total of 3,577 deaths (24) .
The date of death was available for all deaths. Information on cause of death was available only for deaths identified through the Washington State Death Certificate System. It was determined from the underlying cause of death coded using the International Classification of The following conditions, categorized as yes or no, were modeled simultaneously in sex-specific and age-adjusted models to obtain the morbidity score: current use of medication for depression or anxiety; current use of blood pressure medication; a history of lung cancer, colon cancer, bladder cancer, leukemia, pancreatic cancer, non-Hodgkin's lymphoma, melanoma, prostate cancer, breast cancer, cervical cancer, uterine cancer, ovarian cancer, or all other cancers combined; coronary heart disease (defined as a previous heart attack, coronary bypass surgery, angioplasty, or diagnosis of angina); stroke; congestive heart disease; rheumatoid arthritis; diabetes; viral hepatitis; cirrhosis of the liver; other chronic liver disease; emphysema; chronic bronchitis or chronic obstructive pulmonary disease; kidney disease; ulcerative colitis or Crohn's disease; Parkinson's disease; and osteoporosis in women.
Diseases, Tenth Revision (ICD-10) (30). We classified deaths as being due to CVD (ICD-10 codes I00-I15, I20-I52, and I60-I99), cancer (ICD-10 codes C00-D48), or other causes.
Statistical analysis
Cox proportional hazards regression (29) , with age as the time variable, was used to determine the hazard ratio for death (and 95% confidence interval) associated with supplement use, with adjustment for potential confounders. Participants were considered to be at risk for mortality from their age at completion of the baseline questionnaire through their age at death (n ¼ 3,577) or age at censoring (withdrawal from the study (n ¼ 22), moving out of Washington State (n ¼ 3,224), or December 31, 2006 (n ¼ 70,850)). We identified participants who had moved through linkage to the National Change of Address file, with follow-up by mail or phone (24) .
To reduce the numbers of participants dropped from analyses because of missing data, we included a ''missing'' category for most confounders; nonetheless, 7%-12% of participants were excluded from each analysis because of missing data on exposure or confounding factors.
The statistical significance of the supplement variable was tested using a likelihood ratio test for trend with the exposure variable categorized in ordinal form. Because this test assumes a log-linear relation between the hazard ratio for mortality and the supplement use variable, we first tested for nonlinearity in this relation. To do so, we compared the model with the supplement variable categorized as a dummy variable with the model with the supplement variable categorized as an ordinal variable, and if they differed at a P value of 0.05, the test for trend was not conducted.
Statistical tests of interaction were performed using a likelihood ratio test comparing models with and without the interaction terms. The interaction terms were the products of the supplement use variable, coded as an ordinal variable, and the modifier variable, coded as a dummy variable.
We also determined the hazard ratios for death from CVD, cancer, and all other causes combined associated with supplement use. Analyses of death from CVD were stratified by history of CVD, and results were adjusted for potential confounders (see table footnotes). Analyses of death from cancer were stratified by history of cancer (excluding nonmelanoma skin cancer), and results were adjusted for potential confounders (see table footnotes).
RESULTS
During 387,801 person-years of follow-up, 3,577 deaths occurred among 77,673 participants (9.22 deaths per 1,000 person-years) ( Table 1) . Sixty-six percent of participants had ever used multivitamins, 47% had used a vitamin C supplement, and 48% had used a vitamin E supplement ( Table 2) . After multivariate adjustment, multivitamin use was not associated with risk of total mortality, whether evaluated by duration, frequency during period of use, or 10-year average frequency of use. Vitamin C use was associated with a small decreased risk of total mortality when evaluated by duration of use (P-trend ¼ 0.019), average dose on days taken (P-trend ¼ 0.023), and 10-year average daily dose (P-trend ¼ 0.032). The hazard ratio comparing persons in the third tertile (322.1 mg/day) of 10-year average daily dose with nonusers was 0.89 (95% confidence interval (CI): 0.81, 0.98). Vitamin E use was also associated with a small decreased risk of total mortality when it was evaluated by average dose on days taken (P-trend ¼ 0.010) and 10-year average daily dose (P-trend ¼ 0.008). The hazard ratio comparing persons in the third tertile (215.1 mg/ day) of 10-year average daily dose with nonusers was 0.89 (95% CI: 0.81, 0.98).
We also evaluated whether the hazard ratios for total mortality associated with 10-year average daily dose of vitamins C and E varied according to several participant characteristics (Table 3) . Among never smokers, risk of total mortality was inversely related to use of supplemental vitamin C (hazard ratio ¼ 0.76, 95% CI: 0.63, 0.92) and vitamin E (hazard ratio ¼ 0.80, 95% CI: 0.66, 0.97) when comparing the highest tertile of use with nonuse, whereas there were no associations among current/recent smokers. Risk of total mortality was also inversely related to use of vitamins C and E among persons with a body mass index of 30 or greater; the respective hazard ratios were 0.76 (95% CI: 0.57, 1.01) and 0.78 (95% CI: 0.58, 1.04) when comparing the highest tertile of use with nonuse, whereas there were no associations among persons with a body mass index less than 25. Additionally, risk of total mortality was inversely related to use of vitamins C and E among persons who consumed less than the median daily number of servings of fruits and vegetables but not in persons who consumed at least the median number of servings per day. When results were stratified by age (data not shown), sex, alcohol use at age 45 years (data not shown), or morbidity score, the hazard ratios associated with increasing dose for both vitamin C and vitamin E did not vary markedly.
We also evaluated risk of death from CVD, cancer, and all other causes combined in relation to 10-year average daily dose of multivitamins, vitamin C, and vitamin E (Table 4) . Multivitamin use was inversely associated with risk of CVD mortality (P-trend ¼ 0.019) but not mortality from cancer or from all other causes combined. Overall, vitamin C use was not associated with CVD mortality, but it was inversely associated with risk among persons with a history of CVD at baseline (P-trend ¼ 0.036). It was also associated with cancer mortality among persons in the third tertile of use (322.1 mg/day) as compared with nonusers; however, there was no evidence of a dose-response relation. Vitamin E use was inversely related to risk of CVD mortality (P-trend ¼ 0.001) only.
DISCUSSION
Our results should be interpreted in the context of several limitations. Although we adjusted for many factors associated with both supplement use and mortality, confounding by unmeasured factors may have occurred. For example, supplement users may be more likely than nonusers to participate in screening or comply with treatment for disease. Although we adjusted for receipt of screening for several (but not all) cancers and for use of some medications that prevent CVD mortality, confounding by unmeasured healthy behaviors may have been present. c Adjusted for the following variables: sex; age; race/ethnicity; marital status; education; recency/dose of smoking; physical activity in the 10 years before baseline; estrogen therapy; estrogen plus progestin therapy; regular use of regular or extra-strength aspirin in the past 10 years; regular use of nonaspirin nonsteroidal antiinflammatory medication in the past 10 years; current use of cholesterol-lowering medication; prostatespecific antigen screening in the past 2 years; receipt of a mammogram in the past 2 years; sigmoidoscopy in the past 10 years; self-rated health; mother's and father's ages at death; body mass index at age 45 years; average alcohol intake at age 45 years; morbidity score; and the following variables, categorized in quartiles and a missing category: percentage of calories derived from trans fat; percentage of calories derived from saturated fat; number of servings per day of fruits; and number of servings per day of vegetables (excluding potatoes).
d P-trend is not applicable because the test for nonlinearity in the log hazard ratio was statistically significant at the 5% level. e Of single supplements (and mixtures other than multivitamins). f From single supplements (and mixtures other than multivitamins) plus multivitamins.
Vitamin Supplement Use and Mortality 477 Further, although participants reported their use of supplements during the 10 years before baseline and were followed for mortality for 5 years, this etiologic time window may be too short for some diseases. Additionally, the sensitivity of this study to detect an association between use of multivitamins and mortality may have been low because of the fortification of enriched grain products with folic acid, which became mandatory in the United States in 1998 (31) .
Another concern is exposure measurement error. Although we obtained detailed information on the duration, frequency, and daily dose of supplements used, these selfreported measures are subject to error. However, in a validity study (32) conducted in the Vitamins and Lifestyle Study cohort, the reliability and validity of the measures of supplement use were found to be quite good. For the variable 10-year average dose, the intraclass correlation coefficient for test-retest reliability at baseline and after 3 months was 0.81 for multivitamins, 0.85 for vitamin C, and 0.87 for vitamin E. As compared with an interviewer's transcription of nutrient information on bottle labels, Pearson's correlation coefficient was 0.77 for current use of vitamin C and 0.81 for current use of vitamin E. As compared with vitamin nutrient levels in the blood, Pearson's correlation coefficient was 0.29 for intake of vitamin C from supplements and 0.69 for intake of vitamin E from supplements.
Below we compare our findings with findings from prior cohort studies and randomized trials of these associations.
Total mortality
Multivitamins. Our finding of no association between use of multivitamins and total mortality is consistent with the 2 prior cohort studies of this relation (10, 33) . Although there are no published results from randomized trials of the common formulations of multivitamins, in 2 randomized trials of combinations of vitamins and minerals (the Linxian Trials (34) and the SU.VI.MAX Study (35) ), small inverse associations were observed (relative risk (RR) ¼ 0.87 (34) and RR ¼ 0.77 (35) ).
Vitamin C. Our finding of a decreased risk of total mortality associated with use of vitamin C supplements is consistent with some (11, 16) but not all (10) cohort studies; reported relative risks range from 0.85 to 1.09 (10, 11, 16) . In a meta-analysis of 3 randomized trials of vitamin C supplement use and total mortality, the summary relative risk was 0.88 (95% CI: 0.32, 2.42) (20) , and recent findings from 2 large randomized trials that were not included in the metaanalysis do not support an association. In one, the Women's Antioxidant Cardiovascular Study (WACS), which was conducted among 8,171 female health professional at elevated risk for cardiovascular events, the relative risk of total mortality associated with vitamin C supplement use (500 mg/ day) was 1.03 during a mean follow-up period of 9 years (36). In the other, Physicians' Health Study (PHS) II, which was conducted among 16,641 male health professionals, the corresponding hazard ratio (500 mg of vitamin C per day) was 1.07 during a mean follow-up period of 8 years (37) .
Vitamin E. Our finding of a decreased risk of total mortality is consistent with most (9, 10, 15, 17) but not all (11) Body mass index at age 45 years <25 (20) . The relative risk of total mortality associated with use of vitamin E supplements was 1.00 in WACS (600 IU of vitamin E every other day) (36) , and the hazard ratio was 1.07 in PHS II (400 IU of vitamin E every other day) (37).
Mortality from CVD and cancer
Multivitamins. Although in the present study there was a slightly decreased risk of CVD mortality associated with use of multivitamins, results from a prior cohort study suggested no association with coronary heart disease mortality (10) . Risk of cerebrovascular disease mortality was evaluated in the Linxian Trials; the relative risk was 0.90 (34) .
Our finding of no association between use of multivitamins and risk of cancer mortality is consistent with findings from a prior cohort study (10) . The relative risk of cancer mortality was 0.87 in the Linxian Trials (34) .
Vitamin C. Use of vitamin C supplements was associated with a decreased risk of coronary heart disease mortality in a 2004 pooled analysis of data from 4 cohort studies (RR ¼ 0.76, 95% CI: 0.58, 0.99) (12) . In the present study, overall, use of vitamin C was not associated with CVD mortality, although there was a slightly decreased risk among persons with a history of CVD at baseline. The association between vitamin C supplement use and CVD mortality was evaluated in 2 randomized trials (36, 37) ; the relative risk was 1.10 in WACS (36) , and the hazard ratio was 1.02 in PHS II (37) .
In the present study, use of vitamin C was associated with a slightly decreased risk of cancer mortality, although there was no dose-response trend. In a prior cohort study carried out among the elderly, the relative risk was 0.88 (10) . However, no inverse association was observed in 2 randomized trials of the association between vitamin C use and cancer mortality; the relative risk was 1.28 in WACS (38) , and the hazard ratio was 1.06 in PHS II (39) .
Vitamin E. In the present study, use of vitamin E was associated with a decreased risk of CVD mortality. In a 2004 meta-analysis of results from 7 randomized trials on the association between vitamin E use and CVD mortality, Eidelman et al. (21) found a summary relative risk of 1.00 (95% CI: 0.94, 1.05). This finding is consistent with findings from another 2004 meta-analysis of 5 randomized trials (4 were included in the Eidelman et al. study) (18) and a pooled analysis of 4 cohort studies of coronary heart disease mortality (12) .
Since 2004, there have been additional randomized trials. In the 2005 Women's Health Study, which included 39,876 women, risk of CVD mortality was lower among women in the vitamin E arm (600 IU every other day) relative to the placebo arm during a mean follow-up period of 10 years (RR ¼ 0.76) (40) . The duration of the vitamin E intervention was longer in that study than in previous trials (40) . However, since the publication of the Women's Health Study results, vitamin E has been found to not be associated with CVD mortality in PHS II (RR ¼ 1.07) (37) HR was adjusted for a history of cardiovascular disease at baseline (defined as a previous heart attack, coronary bypass surgery, angioplasty, a diagnosis of angina, or a previous stroke);
use of blood pressure medication in the past 2 weeks; history of heart attack in a first-degree relative; and diabetes at baseline, in addition to all of the variables listed in footnote ''c'' of Table 2 , except morbidity score, mother's age at death, and father's age at death. c HR was adjusted for all of the variables specified in the above footnote within strata of history of cardiovascular disease.
d HR was adjusted for history of cancer and family history of cancer, in addition to the variables listed in footnote ''c'' of Table 2 , except morbidity score, mother's age at death, and father's age at death. e HR was adjusted for all of the variables specified in the above footnote within strata of history of cancer.
f HR was adjusted for all of the variables listed in footnote ''c'' of Table 2 .
g From single supplements (and mixtures other than multivitamins) and multivitamins.
h P-trend is not applicable because the test for nonlinearity in the log hazard ratio was statistically significant at the 5% level.
Vitamin Supplement Use and Mortality 481 ratio ¼ 0.94) (36) , and both of those studies had treatment durations almost as long as that of the Women's Health Study. Use of vitamin E supplements was not associated with cancer mortality in the present study. This finding is consistent with that observed in a meta-analysis of 4 randomized trials (22) . The relative risk was 0.87 in WACS (38) , and the hazard ratio was 1.13 in PHS II (39) . In a prior cohort study of elderly persons, the relative risk was 0.81 (10) .
Associations stratified by potential modifiers
Our findings of stronger associations between total mortality risk and use of vitamins C and E among persons with greater body mass index and lesser fruit and vegetable consumption are consistent with the hypothesis that any impact of vitamins C and E on total mortality risk may be stronger among persons with greater levels of oxidative stress (1) . On the other hand, the associations between use of vitamins C and E and total mortality risk were stronger among never smokers than among current/recent smokers, yet smoking is thought to increase oxidative stress (1) . Notably, in a separate study, vitamin C and E supplements were associated with increased risks of total mortality among smokers but not among nonsmokers (13) .
Summary
In the present study, we observed small decreased risks of total mortality associated with use of vitamin C and E supplements, but we found no association with multivitamins. In cause-specific analyses, multivitamin use and vitamin E use were associated with decreased risks of CVD mortality. Although the association between vitamin E use and CVD mortality was consistent with that observed in the Women's Health Study randomized trial, other findings were small in magnitude and should be interpreted cautiously because healthy behaviors tend to be more common in supplement users than in nonusers.
